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(57) Abstract: An exposure apparatus (EX) carries out an exposure of a substrate (P) by filling the space between a projection 
optical system (PL) and the substrate (P) with a liquid (50) and projecting an image of a pattern onto the substrate (P) through the 
liquid (50) using the projection optical system (PL). The exposure apparatus (EX) comprises a substrate stage (PST) for supporting 
the substrate (P), a liquid supply unit (1) for supplying the liquid (50) to the image plane side of the projection optica] system (PL), 
and a focus/leveling sensing system (14) for sensing information on the surface of the substrate (P) without the intermediation of 
the liquid (50). The exposure apparatus (EX) carries out an immersion exposure of the substrate (P) while adjusting the positional 
relationship between the surface of the substrate (P) and the image plane formed through the projection optical system (PL) and 
the liquid (50) according to the surface information sensed by the focus/leveling sensing system (14). Consequently, the immersion 
exposure can be conducted with a good pattern transfer accuracy. 
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[ K^-f =1 VT^-f i> 3 >TCDa2^x'-^ P FM (XY:^rS]) ro^tii] 

»5P(7)7'^-</ > hv-^cD^ttfiv ;&i;^'StsPro^M'tff$s©^aiA^'^tT^?. 

ii. »*57^^^>h^1 8 0D^tiiTli^A^'ftPt-5 4 2±l3{ie>^to^ti^J:5l::s 
»^SCON TliX Y7.x-i>*5 2^n$mir^o mRT^y-i K^vl 8 (iS 
W4 2±£DSipT-^ P FM:&1taiL. b-1f^>^l+5 5 i::ct tpTm^^ tl^ 
j^ifimrtTCDSif "7-^ P F M(Z){ilM'fS$S^tt>|iJ1-?) ( S 3 ) o 
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^tL^*;h,*tobti/cZli:l3:fe2.o Slp-^-^ P FMhSipT-<>MFMi: 

CD^tik(Di>3 »y K|iI±^S H 1 ~S H 2 0 i:CD^iMr5l#A^^ti^-tL)i^^^ tife :i h 
[ K^-r =1 >T='f ^^3 >T:CDSip4S(D^®&fi (Z:^[q]) (D^di] 

dj; 0. &m^K4 2mmtm5.pmmt(Dmmt^^isb'btir^zt{zt6:^o 
t±iT#?)ctoi::. ^ijtp^ac ON Tttx y;^5"-v5 2 ^^i^m-r^o mmcDzt. 
mr^-r ( s 5 ) o 
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U±CD ct a *:lt)l'MS A<$*T-r i> i: V $iJtHP^M C O N T s »S P ±CD^ v 3 

-V hfii^s H 1 ~s H 2 o^m^-r^tcisbizmws 0(7)f±t$azit/[H]iix^ff l^^^*^ 

b X Y V 5 2 ^Jf^li LX*S^^^IF. P L CDTCDmm^^^^^RP ±^^$Wi 

-r^o *i»^S4 2 s ^iSJb^b- K 4 1 . Z^t;**SP(D^®(i^tL^ti(sEI5(W|i;^ 
^ tjiCDH^m^^^ P L CDTI35?^#: 5 0 L fc^^sjTr X Y v 5 2 

MS H 1 ~S H 2 0^^M3fet-i) (S 8) o ■tti:t>-b. ^va K^IitCD^ti 

3 >y l-^IltS H 1 ~S H 2 0 h(D<ji«r*^^©'lt$S. ZiiU*>^^*:5 0 a)fft$^?^(3aif 

S=fSP±CD^v3 'V K^l^S H 1 ~S H 2 0 h x'7>^Mh©^i^^t)-ltA^^T^tl 
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2) ( S 8 ) o 

^tz. #V3 <y h^l^S H 1 ~S H 2 OlznT^^mm^^lt. OCDfft 

^■t^y^--t>y^ • >^"^ai^.1 4^fSofc/)V mRT^^ ^> 8 

ifST'^^ ^ > 1 8l3^itl^^tlTL^?)7 7^-:b7> • U ^ U > ^^tli^Ji. 

T^rfti^igi: LTli. ^J^li"^l3 2 0 01-2571 57-^ (^ll]#l^i>g.1i&fE 2 0 
01 /0 02391 8A) lUlBTF^tLTfcO. CKDrj^^^^^^gP^ttiM-C^i^^ 
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T^^i.7b^ nJtgT-fetili. ^CD^tBttll'. }?^^*fftif^^S 1 *^b>t^*5 0^#tj,^L. 

>T:if>lJJ^tlfcS=fSPro^®'tt^iis iSi^Tfe^^.P L ^}t^5 0 h^^UTJT$J5£ 
va>Tltji'J^tiyc:a*SPCDa®tf$Siis ISf^Tfe^^. P L h/W 5 0 h 

Sfe. 7^-*7. • U-<U >^"^tB^1 4(;iJ:oT. K^-l'=i>T^-f va >1? 
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Lxmrn^ ti^nmi^&^^p^^ti cD^imw^^ ^i^^ u oo . m^p ±cd^ 

'v K$Il^'&?S>lS3fe^^ct;ai3LTt J;^^o ilcD^^s »ip®i: Li:(Z)Sip 
^^T-5cDT:v a*SP±05^->3 'V K$IMS H 1 ~S H 2 0 h X M i: (Dtl#^ 

m5\Zir^i-m%mm:EXlZlt. X$ft^[R]l3MLT*Si^^^^^P LCDU>X6 0 

-^7. • U-<U>^*^.6 1 . 6 2(75^^i±lfl^liv iSi^Tfe^^.P LCDTCIhS^S 
0 tm^^^titz (^i^T^^^s P L roftTOJl::}^^^* 5 O t^mfm\zm^-^ t^TL^ 

ue.ti. ^^-^x- u-^u>^*^ai^6 2ii. s^SP*<+x:6-fR)icf^iAL^*< 
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:i(Dht. T'*-*^ • U-<U >yi^tti^6 1 s 6 2CD§1tmW=fo»P*S4 2 
±lZiiimLTS5'9 (Ciroht. • U-^'J >^"^ttB.¥.6 1 . 6 2(D^tth 

4 2cD^®^^tL^n=tttii-ri>:ihiZcfco. $ij^^scon iii. jst^Tt^^p 

jb^bX Y7.^-v5 2^?$i!jUr. $Si^7fe^^.P L(DT©^?5agI^^^S4SP±-- 
^^l!)-r?.o ^ur. $iJiP^«C0N T(i. tui!iroi+)MSi't'i'Atttofc#'ff$g^M 
c>-Cs *4SP±CD§S^3 -J h%M^ H 1 ~S H 2 0^^M7fet-i>a S4SP±(D 

Maia=fSP^®^©tiLSMf^©lllMliv ^7f--±)7. • U-<'J >y^t±i^.1 4^ 

37:t-±tX • U^'J >^'^tB^6 K 6 2 :&MoT^T^tL^o -f^yx-l^s -X:&fR] 
lz:g^^SP^f$ii!3L'75;A^'6S*SP±^Dfe?)i>3 

lull. ■ U^U >y^i±1.3^6 1 I3ct '9^rov3 >v 

tf #g*^JIi;5:1ti±l ^© V 3 'V h P L hS^S P cDPB^CD>iS>l 
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T K p s J 2^iM7.-c\,^^o m^ . mzm^&^^-^ypsj ^ . p st 21*^ 
ti^'tiiii4(^^u^s^4S4 2 i^mmcomjs^^^-t^mm^Ki A ^ 1 5 ^iii;iT 

iNi.o 'v-<>:;?.5^-f>'i2^7^^^(ili3^:^7^-v3 >^i+''^>'J • ^^^^^- 
3 ARXf^^^^l 3 B:fe^-r?)^:t-:bX • U-^U >^*^tti.¥.7 3^^l§«!c^tiT 

7^-v3 >I3J5L>T^2»^5X7^-VP S T 2±(DmKPCDm^mM^i:^^ it 
)By • ^tJ^XT^-S^a >i:ifctNT. ^ 1 P S T 1 ±CDm^PO:>^^R 

vP ST 2/)WJJ • v3 >i3f$iiu. ^tltmf^^^^^&^^^^- 
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vPST 1 CDSi^=t5 7 4t*Si^7fe^mPLi:A<M(n]-r?.=fc-9(3. ^IS^SX^- 
vPST 1 ro{i^i*to*^^^i>o C:<D^;^^.T. $iJfSP^gCONT(i>^<*5 OcDtt 

pfr^cDiiLmmm-c^mjiS.^ ^Ti^^mm^-^ m f m ^ v x ^ MiKDiiimmmz^ 
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(Dm^^ifM^mmz^^^-^it. m^lmm^^ 0-1 6309 s^^jj^mw- 

1 0-2 1 4 7 8 3-^ (>ttl^^ll4tfF6 , 341, 007. 6, 400, 44U 
6, 5 4 9, 2 6 9;^U*6, 5 9 0 , 6 3 4 ) . It^ 2 0 0 0 - 5 0 5 9 5 8 
(m^Mi^S, 9 6 9, 4 4 1 ) fei.LNli^ll#i^6 , 2 0 8, 4 0 7 ClP^ 
TjK^ tints K). :¥^mW^thm-Z:n^^rzltMm^ tifeSroj^fe^Trl^^^ ti?) K) IZ 

. U^ij >/7"|tiiil^ 1 4^^iBm^tLTl^i>*^ :H^ll#l^6 , 2 0 8, 4 
0 7(3|g^F^^TlN?»ci:ol3. m^7.^-iy 3 >(DZ7 ■ >^'^th 

m^^tv S^5X7"-5>-P S TCDZ:&f^]CDiuM'tt?S^lt)IiJt- ^^}^H-^M« LT. 

5 ^ V a^sx 7" - V p s T CD z :&rR]a?tiLm'itfg^ itii'J-r ^ T}^tt h -7 * - ±i 

i^y'-^M F M±(ZlF/f^©J?^ro^B^W , tfIE$P=W) ^iB«L 

x';i^7^'r ^ > 1 9(3J;?)Sipx'-^MFMCD*^iii^>^^*^:n^^-ri3 

cD^dit.Htf*5 o:S:/^^■rl::^f^tLi>©Tr. ^7-^Mha*sPh^{im-&t)-tt^ 

i) tzIsbOT ^ -f ^ > h 'tt$S^S^ LTlE5ilc:^to d h $ i) o 

S/c. 9(is ittPi¥7- 1 7 6 4 6 8^^^ mfics^ 

ll#i^5, 6 4 6, 4 1 3 ) \zmyr^^tiTl^^Jiotj:mfililzm^ti-t\ ^X-J^M 
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(n'X^MODT-^) h»5X7^-vP S T±CD** (MFM) tcDikmmi^^t^ 

■?> o 

^^p<>h) IzMUTIi. ^Jx(Si^r^12 0 0 2-3 5 3 1 2 1 -^i^fB (^H^^l^ 
'Jkm2 0 0 2/0 0 4 2 6 6 4 A4>$S) l::r?|7F^tlTl^i> J: -5 ^c#^;S*^^tNT. 

a^s P ±l->^'(*^^s^^^ - 1-=^ ^ ^ ^"^^^^'^^^^^'^^ 
;K^a*SPa5-7^'<p<> s^-^0D{i^'tt$g(;i. ^cD^iIE'»$g^Ani*Lr. 

p±i::>^5i*^#*!f.^bfc;ihi::ctc)T^i;i.P^ iT^y^-tiT.t^t:) ^liJE-rs 
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if^Bz^^w^ p L (D^ti^mizm. [fibtiTi^^ ^^m^(om.m ^ ^ i'^m t 

15(^1. 44~1. 4 7^^i:mt)tiTfc'5. ^T^T^E Lc7)7t)EaiLTA r FiL 
^^y■;^l.-^^^ 9 3 nm) ^^L^fc^^. tt^S P ±T-(i 1 / n . 1"*:*) 

■^ifi^l 3 1-1 3 4 nm^Jg(3^£)^«<b^tL-ClSufi?^**M#btLi.o Mi's M 

j^.M^\tmm.^iztt-<i:mni^. -ttJ:t>■bif^^ . 44~i. a n^mmiz^ju:^^ 
ti^Tzisb. ^m.^T'mm-t^m^Lmmm.cDmMm^mm-c'^mtJ^^^m'^iz 

^i^ttv -(^ij^isiis^ (iAtJ®iCJ^. zix-iix^^) (Dmm[zm\,^^^^y^^- ^'^'^ 

^^SEXODil^s IIIMBt^l3fcUTtSf^7t¥:.¥sPL(D^tig4^. S*5P± 

>^.*^t)^) t^^comT^mmzi^m^i:^. o^im^-r^mmiz^cD 
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<-t^ztt^i:^. ^>7^±>xzixh (^>->^"=ixh) (D±^'p:7.)i-y 

#^7t-'r;U 'P'T^'y v\t7i-^^)=!^-'T)V (PFPE) T&irTTrfeoXtcfcl^o ^ 

f^li. ^ij^l±'it#rf€¥6 - 1 2 4 8 7 3-^i3^IB('i¥ifffll;il^7F^nTfc 0. ^fc. X 
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-^j^is^tis^ 10-30311 4-^i}^$g (^>tP&^s4trF5 , 

8 2 5, 0 4 3) (3p$ffll'r^^^^tLTfci9. ^;txbCDr?^jj^^s *lllPf ttlMT^i^ 
©ilTfe^M^v Mfli?K^^'y K\ (CCD) 

fe^rt J:^^o :^7^-vl3i;-7'^-^^^ffiU/c^iJ(i. 5l^lli|^fF5 , 6 2 3, 8 
5 3Z^l/5, 5 2 8, 1 1 SCllgTj^^tlTfcD. ^ti^bCDmrF^. ^HPfiiiJIlT: 



27 



wo 2004/OS3954 



PCT/JP2O03/0 15667 



^x5^--yp ST . MS T(D%mmmtLT It. -)!K7tizm'E^mmLtzm^ 

i9^7.5^-f>-p S Tv MS T^igi!)-rS¥®^-^^ffil'^'C*Jct^^o Z(Dm-^. 

^U-AgiJW^ffit\T^M6*]l3j^ d^*^ LT^t J;Uo zcD^ 

tjcDinmijmit. m?L{t. ^s^it^ 5 , 528, 1 1 s mr^w- s - 1 6 6 4 7 

tj:i^J:olz. y [y-J^^U^mi^T^m^izm izmt^L-z^^Ji^.^o Z(D 

KtiCDmm:^mit. mxit. ^m^ns, 874, 820 (#r^^^8 - 3302 
2 4-^'i>$g) [zmmizmyr^^ti-c^K). :^mmthm-ci^^t.t:iitm^R^titzmco 

^tzubiz. z(Dm^tLT(Dmmzit. ^m^^mz^i^xit^^mm^m!5&-t 
m.mz'D^^-atmM^m^^Mf^t^tzisb(DmmmTioti^o ^mv-ytyx^L. 
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^S(z:M7t-r^ii3t^iiX5^':/r 2 0 4 . 5=/\*-< ^^II^-jilTT.^ 3^ ( ^* v > -i?* 
XM. 7j<>7^>r>^x^. /^y<r-vx^^^t;) 2 0 5. ^fiX7^«v:/2 0 6 
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(DM^mii. m'd.^B^^mzJ: t9HfnB>?5f*^^LTJf^i7£^ti^#®htDr5l#*^ 

T^i^.^J I ck 0 tulB}i^^ ^ ^ b Tff^fS ^ n i> ft ® ^ BulBgiP® ^ 
)*^^ tLi.Ii5l<iI 3 I^IIBitCDliTt^So 

5 . tulBlSf^^^^^BiIlBSP®ha)PB^I'>?5f*^Mit$g^nfem^Tl^ 
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6 . tmmwimmmt. m^m^ihrnz^^ttrnm^mmcommucDm^'ik. 

igmciSo'i'^-^^ B^^iB»5^H^JiB/\°^->t^^7^'<^>^^^^Tt^^^s miB» 

10. ^ ib\z. m'^m%mm.(Dmw^%mf^%m'^m.^mx. -mmvm.wbK 
^^LTjfjfi£^ni>^®^(^^sp*^^^D^s-ri)W*iii ciiBtitcDMT^^ao 

1 1 . tfIIBSte±^D7'^^^>hy'-^^. )ig^*:^^^^[::^^tb-ri>-7^^ ^ 
>S.^:&fiix. BulB7'^'l'^>S^i^^iilJ^=^l-»^*^''^^ tf)l3»5i:MIBA-^ 
->iiOD7-7^ / > h^^Tt^-::>^BfilBa^<C>?S)i:ii7fe^^Toli*iI1 l3lB«©ii 
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1 3 . lulBH^^lix BulBiSi^3t;^^?^CO^®ffl'Jl-^Firfi*Il3-(*^^^tL. tfilB^ 1 

;^x-vi±. BfrlBmi»s:^7^-i-'i-<^*^^ti?)S^sa)jii@li3. ^(Dmmmt 

i, z h 1 1 cfc c TtijiBS^R±flD^tift CD iyB^y hmi^^ m^-t ^ m^mm-c s ^ t . 
Bu ifis^s ^ i) ^ 1 stfi X - s^- . 

7^-<^> h^^Tl'^•^^■iuiBS^5^D>^S>1^7t^^T■^S7fe^ao 
5 l3lB«lcCCM7t^ao 
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1 7. mmi9im^^^^'fv^'^mtmm^-^^^i^-r^m2T^^ 

1 8 . mum 27^^ >^>\-m±. tmm^^^^^tmm&m^^ tcDmizyi^ 

So 

1 9. mB*Sfi7fe^^^:n^bi:tulB*i|iT-^hMIBA°^->hCDjiSP^^^: 
Ittti-r i)^ 2 7 ^ ^' pi > h .^^Hx . BulBm 2 -f ^ > S ^.(D^£tiifiS:^(;:So- 

^^r. BulB»S±a)#v3 <v \^mm.iim%^i^B^mmz^ otulBJ^^^^^UTJfJ 

^!fe^tii.miBA°^->0D^(DiSf^fegh(Drs§^^i^}*:^^ni>W*iI1 6 dlBifeCD 

2 0. Hf)iB/\°^->lix'X^l::ff$;S^n. Bf)IBm2T^-r ^ > h^Jiv tulB^S 

2 1 . tfjiBm2 7'^'f > K^iis mm^B^^^h^mm&m'^mtcDmizm 
a^tife^B^M. ;5^?>'BuiB^sf^7t^m^^ur. BulBS*•^-^a)t^^ii^^f•5 

2 2 . BulB/W^fa^miis miB^ 1 7^ ^ > S ^.dck ?>tulBS^S±cDT5 
^ > h T-^(7)1tt±i^^^ ltil3*S^3fe^^iiBtllBSiPSWi:*^*tf^brtNi.itt^ 
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%-i^B^m^^tti-im^^tm\^ LTi^^im.-^^m'^n'^'^'^^mmM. i s cue 

25. lijiB^I S*5^7^->^tl*^'S:i)m2»;5^5^- v^^frnx.. BulB^ 1 7 

7fe-ri.st*il 1 4 diBmajSTfe^So 

2 6. ^ BulBM7fe^M(Dlbf^:&»ri>$iJfffl)^S^fii^v l^$iJ{a)^SIi^ 

a^s±i3>fS^#^^#t$a^tiTtN^i\t*t?jT(DHuiBm 1 y^-f > s ^F.ro^tii^smii 

ao-L\T. »tS±l::>?S^*^fSi|iS^ IN i> t*t^J-e£DBf)lBS4S i: BiTlB^ - > h (D 
2 7. tt^ill ttz^t^ 4l::IB«ctD^^^g^^Ui>7^AMXS^it:&;io 
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